mﬁmqu%ﬂ Lasiodiplodia spp. ﬁaﬂummmaﬂsﬂ
% S d' a ad
ﬂ1ﬂﬂﬁ&ﬂ1§ﬁﬁﬂﬂﬂﬁiﬂﬂ%335

BIOCONTROL OF Lasiodiplodia spp., THE FUNGAL CAUSATIVE

AGENTS OF POSTHARVEST DISEASES

MY U3ny

ANNAATNHIUNA

TUIBUNATU] a8 B 3NN

uvimnenaauuthvals

2551

a A Qd =) U )
©i':1Bllﬁﬂﬁﬂli’)ﬂﬂﬁ1?1’lﬂ1ﬁﬂ!!&lﬁ1ﬁﬁ?ﬂ



MSAIVANITO 3 Lasiodiplodia spp. Miluauvavedlsn
%4 < d' a AaAn
MERaIMINUNEAaFII5
BIOCONTROL OF Lasiodiplodia spp., THE FUNGAL CAUSATIVE

AGENTS OF POSTHARVEST DISEASES

MY Y308

a a dcg:’ v a Y] v A | | &
'mmuwuﬁmauemum’mmammﬁmmemmﬂumuﬁm
= [y = a v A
élJi’Nﬂ]‘iﬂﬂ‘tﬂﬂnﬁ"iaﬂQWiﬂiﬂJﬂJn‘ﬂEﬂﬂ]ﬁﬂiu‘ﬁ"l‘]]m“nﬂ

AUNIBUNATU AT INN

yviInenasudvhyialg

2551

d
oavansveanviMINenasuiIviadg



ﬂﬁﬂ’.li]ﬂwaﬁﬂi] Lasiodiplodia spp. ﬁaﬂummmaﬂﬁﬂ

% & A a ad
ﬂm“l”if;’l{‘lﬂﬁlﬂmﬂﬂfliﬂﬂﬁﬂlﬁ

MYIUT U3AY

a = o Yo ~ wag Yo @ & <
Ineniinusil e unsnosaneyla I udumiaueansang
munangassyanInemaasunahg
I na lu Tagdmmn

2551

a ) d
AUSNITUNITDUINUIUNUD

\

......................... 20A)........ R

' < -
(#¥20manI19130 A3. T93) G0 INAA) /

Lﬁ‘] .............. NITUNG

b e ersemmaems e 152 51NTIUMS ‘

Cowvn)  feyaa N3INNI

i /
‘ ¢ y
(Fgﬂﬂﬂ?’ﬂﬁﬂﬁﬁ]ﬁg 3. YINNITN ﬁﬂWﬂEIﬂ)

g )
©amﬁwmmwnwammmﬁmmq




=) =)
nnfnssnilszma

R '3 o A a s A Yo (=
ﬂﬁT]JﬂJ’EI‘]JWi%f’!ﬂl ﬁ%’)ﬂﬁ1ﬁ§°’lﬁ1iﬂiﬂ AT. 1ONVY ﬁtﬂﬂiﬂii‘ﬂu Wﬂ§m1ﬁlﬁﬂ1ﬂ5ﬂ‘ﬂ1

0o q ¥ ' & & ao Ao & ' Yy = 9 ¢
LLUSU Glﬂﬂﬂ’]u‘lf?mﬂﬁ@ fl]uﬂﬁz1/]\1\111!'3‘03]1!’B‘T’]ljfl]’qa'NUlﬂUlﬂﬂ?ﬂﬂﬁ')uﬂﬂﬁ%?ﬂﬁ’]ﬁ@ﬁ1%’]5fJ

]
=t

A3. ¥ A01AGA UAE é’ﬁﬁaaﬁmmwwié A3. 931030 A01AFA nnganldniug uay
o o Yy a a ¢ o Aq Y & PR 4
Auuzihmaeaauasiud lvInerdwusniui S vauyseioadn
YDUDUAA 219138 Ae1N ANARTY AMSUANNT AR IUMT A Genomic DNA
o v A 4 ==t
HaEMIMIRIRUNING 1o 1nAUDI 16S rRNA gene Y0ILUATIZY 118 YOUDUAM Dr. Steven E.
Massey, Department of Molecular Biology, University of Wyoming dmsuanurevaslu
MINATILHAUTINE 10 1NAUD 168 rRNA gene YoUANIFE
% ) [ o o a d Aa
YoVoUAM A5. 35U MY drsudwuzih lumslnsizisiiavesdrsaie
A = s A A a s a o ' 9 Y A
mAta GC-MS  5audegudingesiiaInermans vesurianedeuiilivaluazid min
Y a wa a J ] A A Y o A v =
el lianmsImenansnnmungiemas lnmsmauazaInuaz 1UTuAILA
MefNgauens1WveUNTZAMANNE AMULIAZENITNATOUATINToUd 1M

o w A Y u’z’ o w ' A A A v o o
taslanuould i’JiJ‘VNﬂﬁNi“ﬂLLﬁ%ﬂ’ﬂMﬂ)”Jﬂlﬁﬂ@ﬂWﬂLW@Mﬂﬂﬂu‘V]Lﬂuu'ﬁ\iNaﬂﬂu qUUAYY

romaelilszauanuduialaluiga

MU HINY



A

4 a a d Y { g o
¥oIs09INeNinus  MINIUAUTOI Lasiodiplodia spp. Mluawigued 1san1enains

3 A a2 A
NN 1AsrIIT
A ya A o
Yorjuen UNAINMYIU H50Y
nanges IngenaasumItiuga (@913 una Ty lagann)
q' =1 9 1 4 [ = a 4
AnzNIIuMINY3ne gemanse1sd as. ende YResa lsau UYsgmmnITuMs
] 4 J
A¥a0ean319138 A3, 9310301 d01AgA AITUNT
QU v
UNANEe

s v v
a %

9. Y o [ dy Aa Aa a o a A . . .
Arvelashmsdanseureuuaiiz sNUgNTIusINIT5 VU031 Lasiodiplodia
theobromae MNUVNEITITUHIAAWLHAIAD DU AUVTOUTINNBAYY INT 1z AIVOIHE
9 9
d1lo anwa 284 e Taan vinmsnadendudulasldimain dual culture test WU
A A a oo a9 Y] u’j (] [ A
suaiGelfilngsmau 43 Telman Tasiifosazvoansdudiogszning 25.0 - 67.5 Haziio
o g} dy == a d 1 9 o
Wnmageud laemsinzi@sanuanzellilny1ue1113 nutrient broth (37°C, pH 7) a2
U 9 9 Y 9 Y
msilunenionivdsaureumaaeulsz AnFnwmsiuaInN1T95yvouses L. theobromae
] 9
CMUL fingninainkadt ls wu dszansmmmsdudamsniyaaaazing lo Taan luha
9 9 9 k4
msdudsTasiidovazueinsdudaegszning 0.0 - 52.4 nnsdunanyNmMsdudivease
a d a d? 4 A Ao A 1 oy dy dy A o g’ dy dy o Y
Ugilnsifaduansadvenunisendunaesgluindsuse werinindsude 114
&y 1 [ @ 3 a dy 9 Y I J @ 3
Useminige Tasnisnsesnun ennsadudinsnigvesdestla uaasldimiuiinisdud
a & gy v . s ~ & o A
AaUn1A91N158319815 antifungal compounds VYOUFAAUATIZ BUUBDINITUII AALGDN
] 9 Y ]
uuaiGenlikansdudamsniyvousesigeiiqa As TN79, RSS az CMU2 M INATOUH1
] 9 k4 v v
anmziminzaulunmsadwasdudimsniyveudosmunannzimnzauigano

a =

Y 1
IMIZREANQUKAN 37 DaFIvaIFod tag A1 pH 7

U

o dy == a d v " o =
VITﬂTiLWT&ﬁENLLlIﬂTILiEJ‘]J{‘]{IﬂE@]’JLWIuﬁnﬂﬁTNLLﬁﬁﬂﬁnu’Ju 3 "laTcma‘nﬂ@ RSS,

3 g 1 A 3 o
TN79 uag CMU2 TJU@']1’1']illﬁllQLﬂuL?ﬁT@ﬂTQﬂﬂﬂﬁﬂﬂﬂ’]ﬂﬂEJ ANUUANATTT secondary



o 4 Y] 3 4 [
metabolite aaeWoavativives pH 7 ansnageumsiudusesilasldmsadaney
4 Y Y
AINA1 WU ANTaTudInIssyveuses1 laiesas 31.82 - 37.60 uazdusINITIONUDY
4 &y Y A =K 9 A a a o
a1o5U0¥051 L. theobromae 1dunigadaiosay 50.85 iWenadovudszdninimasana
A 9 dy A A a 4 1 = = 1 .
e lannrenuaiGedjilng wud Iauiddesao proteinase K (1 mg/ml) uaq
[ a ] Y =) J [l
gani1 1 Temaa (254 1 Twwas) gungiilugiandng (37 - 80 eesmaiFeoa) e a0
[ Aa a [ 3/} a dy 9 d‘ o ] d! ] dy .
Snulszansnwmsdugimsniyveusest lamour l)diun1sdeandoe (autoclaving)
dy IS a o o 3 [ [ eaj} dy
wenvntuuaielfilnineaiule Tgan vazdarsanavnervainisoduduyosi L.

@ 4

theobromae ewWuTou1ddnda18WUT Aiv LP1, LP2, LG2 11a¥ Type strainl 120 1aZ110N13

Q
v ]

a 4 @ o
Aaevasanareruanuuaisensaiyle Taandlreiasedilo GC-MS a3 DN
9 1Y a a A o a A Y ' =< 9
asilsznovesn ldunnidusia TasaunsnduduriauazszyFoas laniuouneios
a A . : . R B
a2 99 @94¥UAND Octadec-9-enoic acid 1ag trans-Oleic acid Fuilua1sisenovilssinnnsa
@ A % [ a3 [ a Q‘{ @ 3 a g
lusiuliouda ednelsnew luamnsauenasusgnsnimadoumsdudin1sni yueuses L.
theobromae "lsf;’]j
a A A a = 4
namIasndeuriavesuaiGelfilng o Tananii TN79, RSS 1y CMU2 #2e
NIATINAOUAN UL NNTUTIUINGT AU ANTANNT AN nadoudrvganadouLuAiGe
API 50 CHBJE kits (bioMérieux) tta¢ BLAST search Taoldd1euves 16S rRNA gene WU
A a A a Y a 9 A Ay
nuaiiSe'le Taand TN79 innulndiResny B, amyloliquefaciens MDNYANTDYIAL 99.9
[l A A A 3 A =] A=
drunuaiieleTyanii RSS wag CMU2 WU 109991nHan1s BLAST aziiuladiiina

1nARea B. subtilis 1NNDI5 080 96.17 1A 99.6 AU

o o W a 4 A, Ko o’.t‘ a
MY : Lasiodiplodia spp./ buanFelRilny/ msaiugulasdi35/ qnsdudinisniyued

&
IBD3I1



Thesis Title Biocontrol of Lasiodiplodia spp., the Fungal Causative Agents of

Postharvest Diseases

Author Miss Kanjana Niraphai
Degree Master of Science (Biotechnology)
Supervisory Committee Asst. Prof. Dr. Ekachai Chukeatirote Chairperson
Asst. Prof. Dr. Uraporn Sardsud Member
ABSTRACT

A total of 284 bacterial isolates were screened from thua nao, rhizosphere soil and
surface of Longan fruit to test for their antagonistic ability against Lasiodiplodia theobromae. Of
these, 43 strains of bacteria were capable of inhibiting mycelium growth (25 - 67.5%) by using
dual culture plate test. The antagonistic activity of 43 strains was further tested by using
supernatant collected from nutrient broth culture of bacteria (pH 7, 37°C). Interestingly, only the
culture supernatants that still had bacterial cells were able to inhibit mycelial growth of the fungal
strain (0 - 52.4%) In addition, it was showed that the filter-sterilized culture supernatants could
not inhibit the fungal mycelium. Due to superior inhibitory activity, the bacteria strains TN79,
RSS5 and CMU?2 were selected for further study. For optimal condition, it was found that pH 7 and
37°C were the most effective condition.

Subsequently, the antifungal compounds of TN79, RS5 and CMU2 were extracted
from the 2-week nutrient agar culture using phosphate buffer pH 7.0. The extracts could inhibit
mycelial growth of L. theobromae CMUL (31.82 - 37.60%) and other strains including LP1, LP2,
LG2 and type strain No.1120 (17.39 - 33.33%). Besides, the extracts also affected conidial
germination of L. theobromae CMUL up to 50.85% (RS5). The extracts remained active when

exposed to UV light (254 nm) up to 1 hour and to proteinase K (1mg/ml). In addition, the extracts



were active over a wide range of pH (6 - 9) and temperature (37 - 80°C). However, autoclaving
treatment (121°C, 15 min) completely destroyed the antifungal activity. When analyzed by
GC-MS, total ion chromatogram showed more than 50 compounds for each strain and only two
unsaturated fatty acids, octadec-9-enoic acid and trans-oleic acid, from 9 compounds were in
agreement based on the level of acceptation quality value at 99%.

For bacterial identification, based on bacterial morphological characteristic,
biochemical characteristic and API 50 CH kit, TN79, RS5 and CMU?2 were identified as Bacillus
subtilis | B. amyloliquefaciens. Based on BLAST search of 16S rRNA genes sequencing, TN79
was closely related to B. amyloliquefaciens (99.90%). RS5 and CMU2 were most closely related
to B. subtilis (96. 17 and 99.6%)

Keywords : Lasiodiplodia spp./ antagonistic bacteria/ biocontrol/ antifungal compounds.
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#50 11a519 pycnidia ¥0UF0T1 L. theobromae W5 1215051 L. theobromae 390g 1UNqUY01F0
~ ' by, J A o Aaa A 0 Y a v
FINADVAUDIABUAN near UV tagudidihitu szoznmsunasnanganazildinanisad
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Y
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o ' ' = A A A A &L ¥ A A
suaseunmao 1na1lasuniiezieszezimunzaune ilowasugnuazitiona liisuaz iy
a a 4 @ 3 { (] Y]
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= A = a d = g} A ] < ] =
tazuead aldenazlasudidumiiaia okvenazwiue1nsitaiy ldanuma uay
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dy U [ ~ Yy =
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Aerruyuinuura 01nsnhazawusnuriaslsudediuievonFou e 19 a5
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crown rot 3zi)AeUTI 1N UFA1 UENINTFO IR ITOYNTNIVININVIALHATITD
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gavnigavu hlvinamsnindeedasiaisinely 2 - 3 Ju (Alvindia, 2004; Anthony, 2002;
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Y
Wesvzgnatuguaduuaziildnasie  @inWauiguaindudunsas, 2551)

Yy 9
[ U a [ 4
uoNINTIT051 L. theobromae §3awnsanolminalsanunypdlaae Tag
' a o y v D
AeliiAalsAnsLanAI8NIEUIINADT1 (keratitis), 15A1%051M1AY (onychomycosis) 1Az 15n
v Y Y
AIM179N1NA91AI%031 (subcutaneous phacohyphomycosis) A28 1ABTIT1891UATAALTOIN

a d' [ [ [y 1 A ] 9}d‘d dy L] 1 9 [} Ly
NINAUIAUNANTUNTNUTIUUDINYLY U ulllVliJL%ﬂiT@QlMW‘]Julﬂullliﬂﬂi!ﬂ (Summerbell,

2004)

a A A a &
MINN 2.1 Tiﬂmmwsﬁmﬂﬂmm%aﬁ L. theobromae

Hosts

Symptoms and signs

References

Hevea brasiliensis Mull. Arg.

Pyrus spp.
Comus spp.

Platanus occidentalis L.

Elaeagnus angustifolia L.

Aleurites montana Lour.

Eucalyptus spp.

Cajanus cajan. Huth.
Citrus reticulata. Blanco.

Carica papaya. L.

Citrus aurantifolia Swingle., C.

sinensis Osbeck

Carica papaya. L.

Blue-strained timber,dieback

Canker and dieback
Cankers carrying conidia

Production of cankers

Bark, cambium and phloem
tissue killed

Canker disease

Root collar canker causing
physiological wilting

Stem end rot

Twig gumming and dieback
Fruit rot

Gummosis and dieback

Stem-end rot

Fu et al. (1988); Narain and Dash
(1989)

Avtar et al. (1990)
Mullen et al. (1991)
Filer (1969);

Lewis et al. (1978)

Peterson (1976)

Large (1948)

Sharma et al. (1985); Soni et al.
(1991)

Jagdish and Pathak (1989)
Feder and Huchins (1966)
Hunter et al. (1969)

Singh et al. (1971)

Hunter et al. (1969)

17 : Cillier et el. 1993
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A =\ 9 an a M [ I a Ya
AIMARINeEITIAE 8 (ANfT ueaalwd, 2539) Manduan TsaludSwdnmsnuned 1975
[ s o 9 = a A . . Yy 9 yJ '
Haasyuasasuiu laslsasnlidosrtiane yuaIs imazalil 1 9uIY Sosaz 0.1 Nou
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o 1A ] [ 3 :
thiabendazole (4 NTN ADANT) (Singh, 2000) ﬁWNTﬁﬂﬂ?UﬂNIiﬂ!u’]ﬂ’]ﬂWaﬂﬂ']ilﬂ‘]_llﬁEJ'J"lg]Ia
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Crops Pathogens Antagonists References

Apple Penicillium expansum Pseudomonas sp. Janisiewicz (1987)
P. cepacia Janisiewicz (1988)
Candida sp. McLaughlin ef al. (1990)

Kloeckera apiculata
Acremonium breve
Candida sake
Rhodotolula glutinis,

Cryptococcus laurentii

McLaughlin et al. (1992)
Janisiewicz (1988)
Vinfias et al. (1998)
Lima et al. (1998)

Botrytris cinerea A. breve Janisiewicz (1988)
P. cepacia Janisiewicz and Roitman (1988)
Pichia guilliermondii Wisniewski et al. (1988)
C. sake Vifias et al. (1998)

Botryosphaeria berengeriana

C. laurentii

K. apiculata
Trichoderma harzianum
T. pseudokoningii
Pseudomonas syringae
Candida saitoana

T. atroviride,

Robert (1990)
McLaughlin et al. (1992)

Tronsmo and Ystaas (1980)

Tronsmo and Raa (1977)
Janisiewicz (1988)
El-Ghaouth et al. (2003)
Kexiang et al. (2002)
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Crops Pathogens Antagonists References
T. harzainum
Rhizopus nigrican C. sake Vifias ef al. (1998)
Mucor piriformis P. cepacia Janisiewicz and Roitman
Venturia inaequalis Chaetomium globosum Heye and Andrews (1983)
V. inaequalis C. globosum Boudreau and Andrews (1987)
Erwinia amylovora P. syringae Wrather et al. (1973)
Apricot Monilinia fructicalo Bacillus subtilis Pusey and Wilson (1984)
Avocado Colletotrichum gloeosporiodes — B. subtilis, Korsten et al. (1989)
C. gloeosporiodes, B. cereus,
Dothiorella aromatica B. licheniformis
C. gloeosporiodes, B. subtilis, Korsten et al. (1992)
D.aromatica, B. cereus,
Thyronectria pseudotrichia, B. licheniformis
Phomopsis peseae,
Lasiodiplodia theobromae,
Fusarium solani
C. gloeosporiodes Cryptococcus sp., Stirling et al. (1998)
Aureobasidium sp.
Banana Colletotrichum musae Pseudomonas sp. Coste and Subasinghe (1999)
Blueberry  Alternaria alternata P. cepacia Stretch (1989)
A. tenuissima P. cepacia
Cherry A. alternata B. subtilis Utkhede and Scholberg (1986)
M. fructicalo B. subtilis
Citrus P. italicum P. cepacia Wilson and Chalutz (1989)
P. italicum P. cepacia, Wilson and Chalutz (1989)
Aureobasidium pullulans,
P. syringae,
Debaryomyces hansenii
P. italicum P. guilliermondii Droby et al. (1991)
P. italicum D. hansenii Chalutz and Wilson (1990)
P. digitatum B. subtilis Singh and Deverall (1984)

P. digitatum

Myrothecium roridum,

Appel et al. (1988)
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Crops Pathogens Antagonists References
M.verrucaria
P. digitatum P. syringae, Wilson and Chalutz (1989)
D. hansenii,
A. pullulans,
P. cepacia
P. digitatum Trichoderma viride De Matos (1983)
P. digitatum B. pumilus Haung et al. (1992)
P. digitatum P. guilliermondii Droby et al. (1991)
Geotrichum candidum T. viride De Matos (1983)
G. candidum B. subtilis Singh and Deverall (1984)
G. candidum D. hansenii Chalutz and Wilson (1990)
G. candidum P. guilliermondii Droby et al. (1991)
Alternaria citri B. subtilis Singh and Deverall (1984)
Cranberry  Apostrasseria lunata A. pullulans Stretch (1989)
Grape B. cinerea T. harzainum Dubos (1984)
Rhizopus stolonifer P. guilliermondii Chalutz et al. (1988)
R. stolonifer Candida guilliermondii McLaughlin ef al. (1992)
B. cinerea, C. guilliermondii, Zhavi et al. (2000)
Aspergillus niger, Acremonium cephalosporium
R. stolonifer
Kiwifruit  B. cinerea B. subtilis, Duncan (1991)
C. laurentii
Mango Aspergillus flavus, T. viride Bhuvaneswari and Rao (2001)
A. niger,
C. gloeosporiodes
L. theobromae
Macrophomina phaseolina
R. stolonifer
Pear B. cinerea C. laurentii Zhang et al. (2003)

Monilinia laxa

B. cinerea,

T. harzainum

Pantoea agglomerans

Guizzardi et al. (1995)

Nunes et al.(2001)
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Crops Pathogens Antagonists References

P. expansum,
R. stolonifer
Peach M. fructicalo P. syringae, Zhou et al. (1999)

P. fluorescens

R. stolonifer Candida sp.
Strawberry  B. cinerea Candida fructus El-Neshawy and Shetaia
(2003)
C. glabata
C. oleophila
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M13919N 2.3 Biocontrol product NUNII ﬂﬁn“ﬂuTEJTINﬂﬁﬂﬂu‘ﬂi%mﬁﬁﬁiﬁ@mjﬂﬂuﬂ 2003

Products Source Target pathogens Crops Application
Bacteria
Galltrol Agrobacterium A. tumefaciens Fruit and ornamental Slurry to seeds,
radiobacter strain 84  crown gall seedlings, drench
Nogall A. radiobacter strain  A. tumefaciens Fruit, nut, and Suspension,
K1026 crown gall ornamental nursery drench
stock
Companion Bacillus subtilis str. Pythium, Many in greenhouse Drench at planting
GBO03, other Phytophthora, and nursery time
Fusarium,
Rhizoctonia
HiStick N/T  B. subtilis str. Fusarium, Legumes Slurry to seeds
MBI600 Rhizoctonia,
Aspergillus
Kodiak B. subtilis GB03 Rhizoctonia solani, Cotton, legumes Slurry to seeds
Fusarium,
Alternaria,
Aspergillus
Deny Burkholderia Pythium, Legumes, cotton, grain  Seed treatment
cepacia, Wisc. Rhizoctonia, crops
Fusarium, several
nematode.
Intercept B. cepacia R. solani, Fusarium,  Maize, vegetables, Seed treatment,
Pythium cotton drench
BioJect Spot-  Pseudomonas Dollar spot, Turf, other Overhead
Less aureofaciens anthracnose, irrigation
Pythium, pink snow
mold
Bio-save P. syringae Postharvest Botrytis, ~ Pome fruit, citrus, Drench, dip, spray
10LP, 110 Mucor, Penicillium, cherries, potatoes

Geotrichum
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159N 2.3 Biocontrol product NUNIT ﬂﬁn“ﬂu1EJ‘VINﬂﬁﬂﬂu‘]Ji%mﬁﬁWiﬁ@miﬂﬂu‘ﬂ 2003

(9)
Products Source Target pathogens Crops Application
BlightBan P. fluorescence Frost damage, Pome and stone fruits,  Spray
A506 AS506 Erwinia amylovora, potatoes, tomatoes,
russeting bacteria strawberries
Dagger G P. fluorescens Rhizoctonia, Field crops, vegetables  Seed treatment
Pythium
Cedomon P. chlororaphis Barley, oat leaf Grain cereals Seed treatment
spots, Fusarium
_Fungi
AQI10 Ampelomyces Powdery mildews Apples, grapes, Spray
Biofungicide  quisqualis M-10 ornamentals, cucurbits
strawberries, tomatoes
Aspire Candida oleophila 1-  Botrytis, Penicillium  Citrus, pome fruit Drench, drip, spray
182
Biotox C Nonpathogenic F. F. oxysporum Basil, carnation, Drench
oxysporum tomatoes, cyclamen
Fusaclean Nonpathogenic F. F. oxysporum Basil, carnation, Drench
oxysporum tomatoes, cyclamen
Contans WG,  Coniothyrium Sclerotinia Many crops. All soils  Spray
Intercept WG minitans sclerotiorum, S.
minor
DiTera Mpyrothecium Parasitic nematodes  Cole crops, grape, Soil application
Biocontrol verrucaria ornamentals, turf, trees
Polygandron  Pythium oligsndrum  Pythium ultimum Sugar beet
Primastop Gliocladium Soilborne pathogens  Ornamentals, Drench, spray,
catenulatum causing rots and vegetables, tree crops irrigated water
wilts
RootShield, Trichoderma Pythium, Tree, shrub, Mixed w/soil, soil
Plant Shield,  harzianum, Rifai Rhizoctonia, ornamental, drench
T-22 Planter  strain - Fusarium transplants, cabbage,

box

KRL AG2(T-22)

tomato, cucumber
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159N 2.3 Biocontrol product ‘Vlllﬂﬁﬁ]ﬂﬁ]TViLlTEJTINﬂﬁﬂﬂuﬂi%mﬁﬁﬂiﬁ@miﬂﬂuﬂ 2003

(9)
Products Source Target pathogens Crops Application
F-Stop T. harzianum Rhizoctonia, Ornamental and food Seed treatment
Pythium crops
SoilGard Gliocladium Rhizoctonia solani, Ornamental and food Slurry, seed
(GlioGard) (Trichoderma) Pythium crops, greenhouses, treatment
virens GL-21 nurseries
BINAB T T. harzianum/ T. Wood decay fungi Trees Spray, wound
polysporum
Promote T. harzianum and T.  Pythium, Transplants, trees
viride Rhizoctonia,
Fusarium
Rotstop Phlebia gigantea Heterobasidion Trees
annosum
Trichodex T. harzianum Colletotrichum, Various
Monilia.,
Plasmopara Rhizop.
Sclerotinia
Trichopel, T. harzianum and T. Armillaria, Various
Trichoject viride Botryosphaerim,

Fusarium Nectria,
Phytophthora,
Pythium,

Rhizoctonia

111 (Agrios, 2005)
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3 y ] [ 4 [l
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a a ' a S a 4 a 4
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= 9 ] 9 4 o 4 A 9 1 = A AaA [
Nertoasumsaiiaeulsd msirauvesou sy vSouduaasnlunasialinnanons
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HESENTOIMNTVBUFOIAUNT I TauDTHadonamzaanudule wie nalumsyieni i
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wWuleveusene 1sAln15ANVIABNAIY 1B U I¥0VAR P, guilliermondii WONIINILILE
o Y a 9 < 1 dy a A Y (% a 4
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1 Y
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Y Y
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[ 4
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o 4
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Q
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T o o’.t‘ a va {a a) I
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Nnszuaumsiinuveaen lsdinadulusiwsnenszquldinanisilesiunadiiee
dy 1 9 9 9 1 ¢ v 1 Y = A A o
youwone 15a waznizqulina lddeseu lmidinanesnundis insnaaeuinetudums
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<] 1 " o l 4 { a
MNMAeTIeNUITY IR IIMsuY T unsugIEs oAz N lunsns gy
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A F) dy = J (a &Y 1 = a 4
1991; 1988) uaziilo lanaaswensedaaljilntdinauasiaon nunimswaaeu la]
o { [ J P ] =Y J 1a 4 4 I
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4 [ o ) Y 9 = = . . .
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4 [ [ a @ 1 g Jd a L4 <
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Y ] v
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2.7)



34

4 § a J 4 J
st 27 duleveuses 1Ufilng Pytium nunn unanzqduleveusesinelsa

Phytophthora sp. (Agrios, 2005)

&y a I a & A 9/4' 1A a A 43‘ 1 A

woslgilnddnatianiei ldyenilsza@niamgelumsauguiFosine lsnnoe
4 4 I a Jd (a J v g 1

1¥031 Trichoderma 10815031 T. harzianum 1Juydunsdlgilndnudesinelsa Sclerotium

a .
rolfsii WA Rhizoctonia solani IA8Nn15a31910U la3] chitinases 11a% glucanases 9ONNLD

E4 Y Y
v W 1 a 4

mnzides Adeiunu¥osine 15a (Elad er al., 1982) Taaiduloros Wiy 7. harzianum v

a % I =\ 43, U 1 A 1 . & . A [
w5y Taenuilumasiseudesine1sa nouNazane chitinolytic enzyme doANUNDR

Y &y 1 [ ' A dy Y o A 9 dy
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F4 v
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35

v Y i < Y
2 2.8 (1) 1duleveausosi 7. harzianum Wnilundsrseuduleveudos R. solani
Y
[ [ I [ [ [ @
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1 Y
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a

v v  { ¢ 1A Y |
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laseuaz 52 - 78 ieilgniregaunidljilnvasuuumaveunznouilgniyes
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A daa A a o & o g Y] Ay
daanilszansningaga lasauisadudinissenvesaosvouresi lnanaunieievas

34.97 9IN508a 79.39

an a a a J o @ 3 a
qUAT e lwa g qUAIT UEIIUYY (2548) ulﬁ’ﬂ?ﬂ?i‘ﬂﬂﬁ@ﬂﬂTifJ”]JENﬂTiL‘ﬂiﬂJu

= 4 a

Y 9 Y
YOUFO51 L. theobromae AWAU0 15AUIMINIIDUNAIoOUNDY TaeIHiFodan 11 il
~ a = I o 1 (] dy =) Ll dy M)
naaeUNQUNYN 25 paralFed 11unal 7 Ty wums laedaanoudesl 24 43119
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H d a
L. theobromae Miluaunauee15a stem end rot 111z ansnaanmsniyveudulelandos
o 3 a d? u’j Id a Y 9 ~ o 3 Aa
az 68 Tagmsdudunavunalunuudluils@aunuazmsasnasnamnsndudimsniyves
Y
U o b4 J .o .
idulevoudonolsnlaonisiiaroniiusad Ao glucanase LAZ chitinase WAN1TNATDU

] =\ I YA
AWNTDTNHINUNN tazFvoIHa 131199

Y
a L4

Swain and Ray (2006) teniyeuuaiizelfilny B. subrilis 910 cowdung lag
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3.9 mIsnsvaeuriinvesasanannuuaiiselasl¥inies Gas Chromatography
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(‘ni]ﬂﬁ 4.3 f‘ﬂifJ‘LIfNﬂ15&5]5@5116\1!%@5157187‘!14‘5@1\1“] g]}'\]fll“h'ﬁﬁ‘lli’]ﬂuﬂﬂﬁﬁﬂ

o ¢ oaa M5TUTINSI3YVOUTD31 L. theobromae TBWURAL] (%)
MeiuguUANGY
LP1 LP2 LG2 1120
TN79 40.00 % 0.00 50.00 X 0.00 47.83 % 0.00 52.17 £ 0.00
RS5 45.00 * 0.00 52.17 £ 0.00 47.83 % 0.00 52.17 £ 0.00
CMU2 40.00 * 1.00 39.13 * 1.00 47.83 £1.73 52.17 £ 0.00
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(‘ni]ﬂﬁ 4.4 f‘ﬂifJ‘LIfNﬂ15&%5@%@\1!@951?’(187‘!“‘5@1\1“] ghf]fﬁiﬁﬂﬂ’ﬂWﬂu‘Uﬂﬁﬁﬂ

o e oaa M3EVEINSNIYUBUTI L. theobromae aeugAIY (%)
MeRuguuaiisy
LP1 LP2 LG2 1120
TN79 17.39 £ 0.50 26.09 £ 0.00 34.78 £ 0.00 12.50 £ 0.00
RS5 26.09 £ 0.00 26.09 £ 0.00 26.09 £ 0.00 12.50 £ 0.00
CMU2 26.09 £ 0.00 30.43 £ 1.00 17.39 £ 0.00 33.33 % 0.00
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ﬁuumLﬁmwmamﬁ’aﬂﬂmmu dual culture YUDI1%15 PDA (Swain and Ray, 2006) wazlu
g 4 Qsj [ [
Uszmetlne Gs100uns191508ad Endomycopsis fibuligera 31A 1A 1591213101 nu
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a L4 a % ea./l a { A 4
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shape of cells rod rod rod rod rod rod rod rod rod rod rod
Gram reaction + + + + + + + + + + +
spore position C C C C C C C C C C C
catalase + e + + + + + + + \Y +
b
glucose + + + + + + + + + + +
. b m m m
manitol + + + + + + + + + + +
b
xylose i + s + + + + + + + +
. b w m w w w W W w w
arabinose + + + g + + + + + + +
starch + + + + + + + + + + +
NaCl 7.5% + + + + + + + + + + +
citrate + + i + + + + + + + +
MR - .- e e e e
VP + + + + + + + + + + +
Indole - - - s - - - - - - .
motility + + + + + + + + + + +

C, central; +, strongly positive; +, weakly positive; + , rapid; V, variable (MacFaddin, 2000)
NUgLve: * Differrential characteristics of the most frequently isolated Bacillus spp.
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Av TN79 91002111 RS5 MINAUDTHUTINNFaYY 1N tag CMU2 11niveanad 1o 910013
4 o 3 a . .
nageuas 1u'lamsaduauiaviua 49 ¥ilalaely API 50 carbohydrate fermentation strips
[ ] sld' =\ I ) [ ==t A
Waﬂﬁ]’]ﬂﬂTi‘]Jll]l'Wl RGN RISGIETG] Lﬂu!'lﬁ'] 24 - 48 GI)"JI?N NWUIN Llﬂﬂﬂliﬂ]‘lﬂi‘ﬂflﬁ‘ﬂ‘ﬂ TN79
9 o Y a A . .
aunsoldmsiulemsald 17 wila Ao glycerol, L-arabinose, D-ribose, D-glucose, D-fructose,
D-mannose, inositol, D-manitol, D-sorbitol, methyl-aD-glucopyranoside, esculin ferric citrate,
salicin, D-cellobiose, D-maltose, D-melibiose, D-sacharose (sucrose) (i8¢ D-trehalose (9113 199
{ 4 a
6.2) wuaiize lo Tsani RSs aunsaldms lulemsa'ld 19 siiafe glycerol, L-arabinose, D-
ribose, D-glucose, D-fructose, D-mannose, inositol, D-manitol, D-sorbitol, methyl-0D-
glucopyranoside, amygdalin, arbutin, esculin ferric citrate, salicin, D-cellobiose, D-maltose, D-
lactose (bovine origin), D-sacharose (sucrose) i1 D-trehalose (§119 149 6.2) wazuuaisele
Toranh cMu2 annsaldans lu'lawsald 23 ¥fia Ao glycerol, L-arabinose, D-ribose, D-
glucose, D-fructose, D-mannose, inositol, D-manitol, D-sorbitol, methyl-aD-glucopyranoside,
amygdalin, arbutin, esculin ferric citrate, salicin, D-cellobiose, D-maltose, D-lactose (bovine
origin), D-melibiose, D-sacharose (sucrose), D-trehalose, D-raffinose, amidon (starch) Hag
A A o A QIdI 9 ~ ~ (% 1 dy
Glycogen (91919M 6.2) Lll@U'IWﬁﬂTTVIQﬁ?JTJ‘Vl]lﬂ‘VIU],ﬂ]J']L‘]Jifl‘]JL‘V]fJTJﬂTJﬂ'] API scores UDILYDO
g1 [ 4 {
Bacillus 9319 | Tu apiweb (https://apiweb.biomerieux.com) nuIueuuaniGele Taan
a ¥ A [ [ U A o
TN79, RS5 tag CMU2 Huudluunvgdned lunquatlsd B. subrilis / B. amyloliquefaciens

mMdudesaz 99.5,99.7 ag 99.2 AN
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ol ;Y e I s S |

v v
MUA 63 nsnadsurtaveueuuaiise laTyan TN79Iasld API 50 CHB/E kits
1 § § Aa A o 4
(bioMérieux, France) 81UnaN laa1nn1snlasudvesduanmes lagiiolinis 14
o o [ § Aa a 4
a3 1y lamsavesh e msinudunsauazidoudueaduaianmes phenol red
= (ST = 9 . A A
NnALAUTUTINAI eNAUNITNATDU esculin IUHADAN 25 WALINADIE

= = =S I A o
WasuaueIomIsMNaLAIuaa



85

d' 9 o dy ==t
M1319N 6.2 Nﬁﬂﬁ'ﬂﬂﬁi’]‘uﬂTiGlfb’ﬂﬁITJnl%miWU@QL“H@LL“]JﬂmiEluliﬂ“b’m‘ﬂ TN79, RSS5 1y

cMU2 Taald API 50 CHBJE kits (bioMérieux)

g
2 v 2 g )
¢ [§ § § g |¥ § E

< = S N « = = ~
. - = I S . - = = S
e = @ B~ S ) = “ = S
2|l 2 |z § 3 |2 E |2 5| 3 .
2 s | § = o =) @ S 5 O S o =)
2 2 ] = = 7 i=) 2 ] = S w
= 5 s j = Z o) = = 5 s S| = z | 4| =
2] 8§ | 4 w|&| 2| S| %] 8 |f & w|E|=2]T
0 0 0 0 - - - 25 ESC 100 100 | + + +
1 GLY 77 90 | + + + 26 SAL 86 99 | + + +
2 ERY 0 1 - - = 27 CEL 97 99 | + + +
3 | DARA 0 1 - = - 28 | MAL 98 100 | + + +
4 | LARA | 84 99 | + e + 29 | LAC 23 44 | - + +
5 RIB 91 97 + + + 30 MEL 48 26 | + - +
6 | DXYL | 56 97 = - - 31 SAC 90 99 | + + +
7 LXYL 0 1 - - S 32 TRE 88 9 | + + +
8 ADO 0 1 - = - 33 INU 58 50 | - - -
9 | MDX 0 1 - - - 34 | MLZ 0 1 - - -
10 | GAL 12 75 - - = 35 RAF 62 44 | - - +
11 GLU 95 100 + + - 36 | AMD 78 99 - - +
12 | FRU 98 100 | + + ar 37 | GLYG 79 87| - - +
13 MNE 87 99 + I + 38 XLT 1 1 - - -
14 | SBE 1 8 - 3 . 39 | GEN 52 60 | - - -
15 | RHA 1 32 - = = 40 | TUR 50 78 | - - -
16 | DUL 1 1 - = - 41 LYX 0 1 - - -
17 | INO 65 69 | + + + 42 | TAG 0 91 - - -
18 | MAN 95 99 + + o 43 | DFUC 1 1 - - -
19 | SOR 86 922 | + + + 44 | LFUC 1 1 - - -
20 | MDM 0 1 - - - 45 | DARL 1 1 - - -
21 | MDG 83 99 | + + + 46 | LARL 0 1 - - -
22 | NAG 29 62 - - - 47 | GNT 7 39| - - -
23 | AMY 70 99 - + + 48 | 2KG 0 0] - - -
24 | ARB 80 99 - + + 49 | 5KG 0 0] - - -

+, positive; -, negative
Hnueve) GLY = Glyceral, ERY = Erythritol, DARA = D-Arabinose, LARA = L-Arabinose, RIB

= D-Ribose, DXYL = D-Xylose, LXYL = L-Xylose, ADO = D-Adonitol, MDX = Methyl-fD-
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Xylopyranoside, GAL = D-Galactose, GLU = D-Glucose, FRU = D-Fructose, MNE = D-Manose,
SBE = L-Sorbose, RHA = L-Rhamnose, DUL = Dulcitol, INO = Inositol, MAN = D-Manitol,
SOR = D-Sorbitol, MDM = Methyl-aD-Mannopyranoside, MDG = Methyl-aD-Glucopyranoside,
NAG = N-Acetylglucosamine, AMY = Amygdaline, ARB = Arbutine, ESC = Esculine ferric
citrate, SAL = Salicin, CEL = D-Cellubiose, MAL = D-Maltose, LAC = D-Lactose (bovine
origin), MEL = Melibiose, SAC = D-Saccharose (sucrose), TRE = D-Trehalose, INU = Inulin,
MLZ = D-Melezitose, RAF = D-Raffinose, AMD = Amidon (starch), GLYG = Glycogen, XLT=
Xylitol, GEN = Gentiobiose, TUR = D-Turanose, LYX = D-Lyxose, TAG = D-Tagatose, DFUC
= D-Fucose, LFUC = L-Fucose, DARL = D-Arabitol, LARL = L-arabitol, GNT = Potassium

gluconate, 2KG = Potassium 2-ketogluconate, SKG = Potassium 5-ketogluconate

6.4 M3insaaUrHaveuniise 1agly 16S rRNA gene sequence

A ) Ay Y o w dy A A A
Wethwai 18 1nn1sMId1a U0 16S rRNA genes voudouuniiselo Taana
TN79, RS5 ttaz CMU2 uuSouifiouin 16S rRNA genes Tugiudoyauos GenBank 1az
EMBL Tagldimatin BLAST search (http//www.ncbi.nlm.nih.gov) WLIIG1A VYD 16S rRNA
genes VouFouuaiselo Toani TN79 lanumilounw¥euuniise B. amyloliquefaciens
[ =< 9 A dy ~ A ~ =
uag B. subtilis eWUEA q DeFoEaz 99.90 (13197 6.3) eunaiGe lo lsani RSS 1
A [ dy A A - [ 1 =K 9 A dy
ANUMNOUNUIFOUUANITY B. subtilis AIWUFAN ¢ DI5080% 96.17 (AN 6.4) 150
A A A = A o dy A A . o 1 =< 9
uuaiiise lo Tananii CMU2 Tanumieunuibouuniiize B. subrilis 11eWUEaA1 9 Dedooaz
A
99.6 (13197 6.5)
A 9 o = [ dy A A =
Haf 1d91nn13%1 phylogenetic tree WU UFoUUATIT 8 l0 Twanii TN79, RS5 uag
o 1 A A A S J 2
cMU2 aedlumenvannuuanGeluallad B. amyloliquefaciens wag B. Subtilis #3013
[ dyl I A A S ua.: Y = A 3 v 9
varnunuanGeluatladlaiuszaadinumieuved genes 1 sequence HunUTDYA I
P = v = o MY o & . v v
gudeya Dedooaz 97 - 100 1zeENTV A AWIUNINGIN phylogenetic tree 019UIF 1431
&y A A A Id o L Ao =) dy
wonuaiize leTaanii TN79, RS5 uaz CMU2 iluaewuginuidalulidoyaveuso

A A Y A o 9y A =}
LL‘]Jﬂ‘VILi811@11&%@1161/]1411111%1]5EJ‘]JL‘i/IfJ‘]J

U

v A

dmsudnuiiondle’lndved 165 rRNA gene YoauUANISY TN79, RS5 uag

o

9 Y

CcMU2 1ddaaudng1udeya NCBI Tagil accession number #1441 EU590118, EU590117 tiag

a9 u

EU590116 Mua1ay (MAKNUIN )
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a ! = & A a A 1
A13197 6.3 Nﬁﬂ?ilﬂiﬂ‘ﬂmﬂ‘ﬂ 16S rRNA genesﬂl@ﬂl‘b’i’)tlﬂﬂ‘ﬂliEJ]li’JI“])’Lﬁ‘VWI TN79NULYD

A A v Jd 9 a
nuANFeaeRuga o Taglamaiin BLAST search

Accession Description % similarlity
AB244461.1 | Bacillus sp. C5-1 gene for 16S rRNA, partial sequence, strain:C5-1 99.90
CP000560.1 | B. amyloliquefaciens FZB42, complete genome 99.90
EF428253.2 | B. subtilis strain HDYM-34 16S ribosomal RNA gene, partial sequence 99.90
EF428251.2 | B. subtilis strain HDYM-28 16S ribosomal RNA gene, partial sequence 99.90
EF428240.2 | B. subtilis strain HDYM-11 16S ribosomal RNA gene, partial sequence 99.90
EF428238.2 | B. subtilis strain HDYM-08 16S ribosomal RNA gene, partial sequence 99.90
AB300817.1 | B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: Y13 99.90
AB300802.1 | B. subtilis gene for 16S rRNA, partial sequence, strain: NDN1 99.90
EF581127.1 | B. subtilis strain h-g 16S ribosomal RNA gene, partial sequence 99.90
EF528285.1 | B. subtilis strain CICCHLJ Q70 16S ribosomal RNA gene, partial sequence 99.90

a = ~ & A a A 1
A1319N 6.4 Nﬁﬂ?ilﬂiﬂ‘ﬂmﬂﬂ 16S rRNA genesall@Ql‘ﬁ@tlﬂﬂﬂliﬂ]‘lﬂi“]ﬂﬁﬂﬂ RS5 nULH®

A A v d 9 a
nuANFeaeRugaN o Taglmmaiia BLAST search

Accession Description % similarlity
AY462214.1  Bacillus sp. DF49 16S ribosomal RNA gene, partial sequence 96.18
DQ422953.1  B. amyloliquefaciens strain Ba-74501 16S ribosomal RNA gene, partial 96.00

sequence
DQA415893.2  B. subtilis strain MA139 16S ribosomal RNA gene, partial sequence 96.00
EF472266.1  B. subtilis strain LQ20 16S ribosomal RNA gene, partial sequence 95.90
EF472262.1  B. subtilis strain QD434 16S ribosomal RNA gene, partial sequence 96.17
EF472261.1  B. subtilis strain QD517 16S ribosomal RNA gene, partial sequence 95.90
EF445123.1  B. subtilis strain 261 16S ribosomal RNA gene, partial sequence 96.17
AB244461.1  Bacillus sp. C5-1 gene for 16S rRNA, partial sequence, strain:C5-1 96.00




88

a ! | & A a A N
AN 6.5 Nﬁﬂ?il‘ﬂiﬂ‘ﬂmﬂﬂ 16S rRNA genesﬂli’)ﬂlﬂ)’@tlﬂﬂ'ﬂliEJlli’JI“])’LZﬂ‘VWI CMU2 DUL¥®

A A v Jd 9 a
nuANFeaeRuga o Taglamaiin BLAST search

Accession Description % similarlity
AB301017.1  B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: GH14 99.40
DQ659146.1  B. subtilis strain GRO11 16S ribosomal RNA gene, partial sequence 99.40
DQ422953.1  B. amyloliquefaciens strain Ba-74501 16S ribosomal RNA gene, partial 99.50

sequence
AB301006.1  B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: GH31 99.30
AB301002.1  B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: GH28 99.30
AB300805.1  B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: R9 99.30
EF488979.1  B. subtilis 16S ribosomal RNA gene, partial sequence 99.60
EF492885.1  B. subtilis strain B3 16S ribosomal RNA gene, partial sequence 99.30
EF472266.1  B. subtilis strain LQ20 16S ribosomal RNA gene, partial sequence 99.30
EF472261.1  B. subtilis strain QD517 168 ribosomal RNA gene, partial sequence 99.60
EF445124.1  B. subtilis strain 361 16S ribosomal RNA gene, partial sequence 99.60
DQ523502.1  B. subtilis strain B432 16S ribosomal RNA gene, partial sequence 99.30

DQ520955.1  B. subtilis strain B-FS01 16S ribosomal RNA gene, partial sequence 99.30
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Lactobacillus plantarum

CMU2

TN79

RS5

B. velezensis

B. amyloliquefaciens

—— B. circulans

L B. smithii

B. pumilus

B. firmus

B. lentus

B. megaterium

B. cereuss

B. subtilis

B. licheniformis

B. stearothermophilus
0.1

MWD 6.4 phylogenetic tree uaasramslseuiisuanuduiusved 16S rRNA genes UDY
sunfiseleTsani TN79, RS5 1ag CMU2 111 16S rRNA genes database (U135

N804 0.1 nucleotide)
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6.5 onils1ema
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o o a = t:y P A o 4 A 9 @ o
VONIIAINE ANHUSNITRIYUUDINITNNIZIAU Faduasduilunlslumsaasuiun
A A dy 9 3 <3 va 9 = = ] 9 g’
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. . e Y 4 a Y A 9 9 a a
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ADINTOINS NAFOUAMAVTANIAIUNMENTN 13U ANNEITD lumsnsyludniizh

]
v v A

a o' A I a & 1 Y
guUUYNEe n3e An guavialumaiureudnu Fuauiiaseinanundlil aasee

a o v A Y A a

= Y a U ! A I ¥y A dy Y o
euReInUdeyad 190 INHaNe 9 urasiu e 19 Iddeyangndesiiga uonainiind gl
A ) @ A Aa =2 o Yo o A
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YoINIAINGDN 1A81 1TV guanine 1A cytocine TUIFAA HIOMIANNTUNUTVOA
UfN58152 1719 DNA 71U DNA %39 DNA 111 RNA veauuaiizoagatiany Tunisna DNA
E4
hybridization #5® DNA - RNA hybridization (A29W5 Aus 19@, 2537) Tuileqiiudigediasms

= = a A A Y o w Aa A vy ~ o
mEJ‘]JLﬂEN“HHWUE’NLLT_IﬂTILiEJIﬂEJGl“H A1 UV 16S rRNA gene ﬂl@ﬂ!tﬂﬂﬂliﬂﬂllﬂﬂulﬂunﬂﬂllﬂ‘iJ
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I [

3 WH%SHaﬂﬁéﬁ]ﬂﬁﬂ% (www.http://www.ncbi.nlm.nih.gov/entrez H30 http://rdp.cme.msu.edu/
4 I { v o o % I A
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A ] A Aaa a ~ [ 3 = a 9
Nleg ludalaIanatia 1azMIITeaAIVDe 16S rRNA gene 1uvzlinsn)asunilastiosnn
1 a Id % 1 o 1 a
TunuaiiSounazytia Hwmiiou signature gene FalinnuuanaenulunuafiSoudazyila
] Y o @ I { Y] ] [ o
HAZMTIAITBIAIVOIR N UILAUU 16S rRNA gene (Huinsununeauns 391waen1sm
. . Y v o a A A [l A
PCR 11ai¥ nucleotide sequence analysis 1‘])’11.!m§fﬂﬂmlmﬂ%’uﬂﬂl@ﬂlmﬂmi8ﬂ6§1uﬂl1881ﬂ1/]ﬁ]$
v o Yy [ o = =~ R AA [ A A Y
taswunld vezdsemnsmimudSeuisuanuduius lundiugnssuvewuniiGela g
% phylogenetic system 139nde
[ a = = &y 9 &y A W A
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Y
] 1 Q) o
A13719904 MacFaddin annsatsd IdntunuaiFeluasena Bacillus wazlinnulndieady
4 { (] <3
\WouuaNi3e B. subtilis Uag B. licheniformis (MacFaddin, 2000) 41n#iga 0819 15na1
= [ dy 9 (] o =} v A @ J .
M3AnanyuzidoduFuanyuzued In TaluaznIInTeeAI1U0saa 1Y Bergey’s Manual
1 Y] Y 4 [
of Determinative Bacteriology 321J31 B. subtilis mM3daiesdrveusad witwiduae uay
[~ (] 4 o o 4 I
TaTadiladwidion arw¥ounaiiSe B. licheniformis M3daI5od1v0aransziuduas
~ = 9 = A A [l [} [ 9 =
wazlalatiagimaainulen MnwamsnaaosuuanGoaIuvynduaitulen uagns
v A o [~/ 9 ~ Y A A A A Y
TG vadveuyad luifluduas (i 6.1) wihwnafiFeunsyidaonamnaszyyiald
Tasn13gandnyazyedlnlad ualunsalveuuANToAsENa Bacillus 1% B. pumilus
1T W == td' = = 1 3 dy
wnuNanyazvedIa latinmsndsundaaieaalinig subculture 911U UONINHNANIS
= =\ 9 a vAa [ Y [ P Y A [ [l 9 v 1
nadoun T unll luelfiansdeldnaansnlndifssnuunau liemnsoszy lagamuin
I~ 4 o 1
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suanFelunguiaenudslumsemstadunluniia@orats o muldnisnigluanig
(= a I ] dy 1 A A a dy J . [
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v 3 ' <3 { % a a
0619 15na T 51097 B. subrilis nansonlasuliaauewsiyluaning 1¥eenginuldlag
3 .

14 nitrate %3 nitrile 115U terminal electron accepter #301A8NT fermentation tiolue11133
Y F4 4
11912 glucose (Nagona and Zuber, 1998) A1iu3984 lienunsaszy Idunidalunisnagondu

1 a 1
usnudunuanSesialaseviang B. subtilis g B. licheniformis
A Y A o Y1 4” Ao A I A A a =< Yo A dy %
weldansaguiulainsenaamenuuiunuaiSorialadeldnadoniyodnd
Aa 3 o eazl a Y A A
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v F4 Y
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v aa a 4 a
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nageUl (Boyd et al., 2005; Ngo et al., 2000)
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No. 0.5 1 2 3 4 5

1% Barium chloride (ml) 0.05 0.1 0.2 0.3 0.4 0.5

1% Sulfuric acid (ml) 9.95 9.9 9.8 9.7 9.6 9.5

Approx. cell density (x 10°/ml) 1.5 3 6 9 12 15
0.D. at 625 nm 0.08-0.1 0.16-02 032-04 048-0.6 0.64-0.8 0.8-1.0

(Baron WAz Finegold, 1990)
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Bacillus subtilis/amyleliquefaciens 99.7 0,79 [LAC 23% | AMD T8% | GLYG T%% |
He:xt taxon Y 1D T Tests against
Bacillus pumilus 0.1 0.42 |INO  11% |SOR 2% |LAC 14% [ TAG 90%
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yapiweb

Joe

WP GEL NIT

L . . .

REFERENCE DATE
ChiL2 729005
COMMENT

VERY GOOD IDENTIFICATION

Strip AP S0 CHE v4.0

Profile B R R L I R e I I I I I I I I I S R
Hote

Significant taxa “ 1D Tests against

Bacillus subtilis/amyloliquefaciens 99.2 0.92 [LAC 23% | |

Hext taxon

% 1D T Tests against

Bacillus licheniformis 0.6

TUR T5% | TAG 91%

0.63 |DXYL 87% | GAL T5%
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N (MacFaddin, 2000)
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1. Nutrient Agar (Criterion, USA.)

Beef extract 3 NTU
Peptone 503U
Sodium chloride 8 NTU
Agar 15 N3
Distilled water 1000 Uaaans

a =

] [ I 1 A 3| ) 2 [l g {
dsuamanudunsa-arasudulidu 7.0 v I dainseNguugil 121 esrusadon

QU

Y
ANUAY 15 ﬂauﬁ AOAITINHI U 15 W

2. Nutrient Broth (Criterion, USA.)

Beef extract 3N3U
Peptone 503U
Sodium chloride 8 NI
Distilled water 1000 Haaans

a =

) [ I~ [ A I ) 2 [ g 4
dsuamanuilunsa-aresuduldiiu 7.0 thldieindenguwal 121 osrusaidod

U

Y] J Qy ~
ANUAY 15 Youa aon131917 WKW 15 U

3. Potato dextrose Agar (Criterion, USA.)

Dextrose 20 NSU
Potatoes, Infusion form 4 N5u
Agar 15 N3
Distilled water 1000 Uaaans

Y

Wsusnnuilunsa-easuduliniu 5.6 i i 13seiquugl 121 esnaadod

Q

Y
ANUAY 15 Youd ApA131912 WU 15 W



4. Starch Broth
Beef extract
Peptone
Potato starch

Distilled water

] [ a Aaa o o Y A d'
Lmﬂﬁwaaﬂmaawaaﬂazﬂizmm5 uaaang H1U11J'V]111§LG]5?J1/]’EJmW

Y
[ d a
e a ANAY 15 oua aoa131917 YU 15 UIN

5. MR - VP medium (Merck)
Peptone
Phosphate buffer
Dextrose

Distilled water

Y

3 A5
505U
10 N5V

1000 3aaans

Q

7054
5054
5054

1000 Haaans

119

21 121 298N

[ [ I~ 1 I~ ] ] A Aaa
Usuaanuiunsa-ars iy 6.9 uialavaeanaasanaonaziszunm 5 Haaans

o o Y A A a =~ [ d QSI =
HTUI‘IJVITUIJLGI)'@T]Q'EHWQ?J 121 997N aFed ANAN 15 Yaua Aoa151919 WY 15 Un

6. Simmon citrate agar (Scharlau)
Monoammonium phosphate
Dipotassium phosphate
Magnesium sulfate
Sodium citrate
Sodium chloride
Bromthymol blue
Agar

Distilled water

1 N3

1 N3y
0.2 NSu
2 N3

8 NJU
0.08 NTU
15 n5u

1000 aaans

[ [ I~/ [ I~ [ 1 A Aaa
Usuaanudunsa - a1a ity 6.7 uisldvasanaasanaoaaziszanu 5 iaaans

v
=1

o o Eldy a = Y] d Qy A o
m"lﬂm"lmfam UNQN 121 DI LBALFIE AINAU 15 oua aon151917 WU 15 WIn i

E]

Yy v

= [ Y
i’]@ﬂlﬂl@ENinlﬁﬂHm&‘ﬂu@Wﬁﬁ’;ul@fN
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7. MIL medium (Himedia)

Peptic digest of animal tissue 10 NSu
Yeast extract 3 N3N
L-Lysine hydrochloride 10 N
Dextrose 1 n5u
Ferric ammonium citrate 0.5 N
Bromocresol purple 0.02 NSW

Bacto agar 2N5u

Ysuamanudunia-ans Wiy 6.6 nuslavaeanaaosvasaazilszinm 5 Haaaas

o o YA A a =) @ d Qy =~
m“lﬂm”liwaﬂqmwgu 121 9981 (FaFd ANNAY 15 Youa Aom15 1912 UK 15 Wi

8. Nutrient Agar with 7.5% NaCl

Beef extract 303U
Peptone 505
Sodium chloride 75 NTU
Agar 15.0 NSU
Distilled water 1000 Haaans

@ [ I~ 1 a I~ 1 [
Usuamanuilunsa-arasudulidu 7.0 uisldviaoanaasanasaaziszanm

a =

a aa o o 9 dy d’d‘ [ d Qy
uaaang m”lﬂm”lmfammmwm 121 29AFaIBEE ANNAY 15 Youa aon151987 U 15

Q u

A o = I o I 9y A
UIMN maaﬂmmﬂﬂwuaﬂymzmummigumm

9. Carbohydrate fermentation medium

Peptone 503
Beef extract 3 AU
Sugar 10 NSu
Bromthymol blue 1.6% 4 ilagans
Distilled water 1000 Jaaans

v Y
Tunmsnaaeiiliihaie 4 wiaumadovuns nglad, uwuinea, lylad uaz 01511
= 3’ 1 a =\ ~ [ v Y Y 9 A
Tua mamssuiiiaauaazsiia Adsmssuasanaaodnlavasadniiadudilileun

a ~ I ) = ~ 3’ 1 Aa aa 9
gungil 180 sxruwaremunal 2 41 1u3 dunssuhvaldvasailszuna 6 Naaans uad
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1.

Kovac’s solution

Para-dimethyl- aminobenzaldehyde 503U
Butyl alcohol 75 Haaans
HCL concentrate 25 daaans

W& N Para-dimethyl- aminobenzaldehyde bl Butyl alcohol Tuenesum qquﬁ 30 -

= = 1 Y3 a Y Y o Jd = A a
60 peruIFea 5 wii vazdlaosligusu HCL aq I Idhnwnuluaiednigumngil 4

IR AT A

2. Lugol’s iodine

Todine 5054
Potassium iodine 10 N5Y
Distilled water 100 Janans

Y v
. . . ] [ ' 9 1 a . 9
A28 Potassium iodine 11111AAUNDU 11423978 ) IANNANVDY Todine a4 J)azanrefiaziioy

Y
IUTAIYNUA Lﬁhﬁ11ﬁﬁ$ﬁ1ﬂl$@ﬂ1\i 51M

3.

Methyl red solution

Methyl red 0.8 NTU
Ethanol 95% 300 Haaans
Distilled water 200 Hadans

Y U
020189d methyl red 11 95% ethanol LA GANIINAY

Voges - Proskauer test solution

Solution A:
Alpha napthol 10 N
Ethanol 95% 100 Haaans

aza18 Alpha napthol 114 95% ethanol tAiu uvIATN
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Solution B:
KOH 10 N5Y
Distilled water 100 Jadans

4 o o
azane KOH lusinnawwnuluviadn

M3 phosphate buffer

Phosphate Buffer pH 7.0 T9afia 0.144 % Na,HPO, : 0.024 % KH,PO,

Na,HPO, 0.72 N5
KH,PO, 0.12 n5
Distilled water 500 Haaans

U5ua pH vosrlealmivivles 1A 10g1u%9 5 - 9 Taw 1M Na,HPO, 1Az 1M K,HPO,
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A A 9 a o @ A A A 9
AMTNN a.1 ﬁ”l'iﬂizﬂ@‘U‘VI‘l@mﬂfﬂﬁ3!?‘!3131'11113ﬁﬂﬂmﬂlmﬂmiﬂqﬂiﬁb’mﬂﬂ TN79 a38

A A
393U GC-MS

Retention time area Compounds QUAL
(Z)-Methyl-5-[(E)-3-(1-ethoxyethoxy)oct-1-en-1-
5.259 0.27 14
y1]tetrahydrofuran-2-ylideneacetate
5.259 0.66 Methyl pentachlorosterate 38
5.322 1.33 DL-Serine, methyl ester, hydrochloride 9
5.533 6.62 Isobutyric acid 59
5.591 0.73 Hexanamide 33
5.831 4.70 2-Methylbutanoic acid 83
6.396 0.10 2-Ethylbutyl acrylate 38
7.014 0.16 Phenyl N-methylcarbamate 46
7.385 1.06 Benzeneacetaldehyde 64
7.671 3.55 Benzeneacetaldehyde 87
7.940 2.10 Benzeneacetaldehyde 60
8.848 0.67 Methyl 3-furoate 64
10.077 0.25 4(1H)-Pyridinone, 2, 3-dihydro-1-methyl- 43
10.380 0.19 2-Acetylthaizole 46
14.146 0.49 3,6-ANHYDRO-D-GLUCOSITOL 30
14.581 1.18 1,4-Pentanediamine, N1,N1-diethyl- 43
17.598 0.19 cis-1,4-Diacetoxycyclohexane 50
trans-1,4-Diacetoxycyclohexane 50
18.084 0.43 3-Phenylpyridine 81
18.553 0.30 1-Dodecanol 45
19.427 0.21 Dibutylphenol 60
Phenol, 2,4-bis(1,1-dimethylethyl) 60
21.073 0.59 2-Ethyl-quinoline 62
21.982 0.26 TRANS-1,10-DIMETHYL-TRANS-9-DECALO 51
22.485 1.14 1H-Azepine-1-butanamide, hexahydro-.alpha.,.alpha.-diphenyl- 38
22.742 0.20 Trans-1,10-Dimethyl-trans-9-decalo 52
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Retention time area Compounds QUAL
22.954 0.40 L-MENTHAL ONE (name?) 38
2,8-Diazaspiro(4,4)nonane-3,9-dion 38
23.331 0.57 Methyl 4,6-decadinyl ether 70
23.960 0.47 4-Methyl-cyclohex-2-en-1-ol 30
24.583 0.51 3,4-Dihydroxy-5-metoxybenzaldehyde 38
25.034 1.94 1,4-diaza-2, 5-dioxobicyclo[4.3.0]nonane 89
Pyrrolo [1,2-a]pyrazine-1,4-dione,hexahydro 89
26.114 0.45 2-Hydroxy-3,5,5-trimethyl-cylohex-2-enone 38
10,10-Dicyano-9-ethenyl-8-azatricyclo[5.3.0.0(3,6)]deca-1,4,8-
triene *
26.720 0.73 4-Methyl-2,7-dioxa-tricyclo[4.4.0.0(3,8)]decane 42
28.069 0.37 4-(2,2-Difluoroethenyl) toluene 59
28.480 0.85 1,4-diaza-2, 5-dioxo-3-isobutyl bicyclo [4.3.0]nonane 59
28.709 0.90 Alanine, 2-methyl-N-(trifluoroacetyl)-, butyl ester 43
29.572 0.28 2,3 - Dihydro-1H-cyclopenta[c]quinoline N-Oxide 25
1,2,3,4-Tetrahydro-9-methyl-1-trifluoroacetylcarbozole 25
30.362 0.32 1-CHLOROMETHYLENE-DECAHYDRO-NAPTHALENE 55
30.458 0.18 3-(Diphenylmethylene)bicyclo [3.2.0] hept-6-en-2,4-diol 35
3-Chloro-1,4-dimethyl-2-quinolone 35
31.127 0.30 1, 2-Epoxy-1-vinylcyclododecene 59
33.018 43.86 Octadec-9-enoic acid 99
34.087 5.94 trans-Oleic acid 99
34.533 8.96 Octadec-9-enoic acid 93
2-(I'-“METHYLINDOL-3-YL) ETHENE-1,1-
36.047 2.36 55
DECORBONITRILE
36.545 0.53 2, 3, 4-Trimethoxyphenylacetronitrile 35
2, 3-DIHYDRO-2-(2-HYDROXYPHENYL)-4-PHENYL-1, 5-
BENZOTHIAZAPINE »
2-(Acetoxymethyl)-3-(methoxycarbonyl) biphenylene 35
39.334 0.93 Iron, tetracarbonyl-[(chloro) (chloromethyl) 44
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Retention time area Compounds QUAL
(diethylamino)phosphine]
39.642 1.75 Indole-2-one, 2, 3-dihydro-N-hydroxy-4-methoxy-3, 3-dimethyl- 15
1H-Indole, 1-methyl-2-phenyl- 15
Cyclobarbital 15
A AN ¥ a J o A A A Y
ATNN .2 fﬂi‘ﬂigﬂf’)ﬂ“l/lllﬂfﬂTﬂﬂ']i’JLﬂiw14ﬁ'liﬁﬂﬂﬁﬂﬂlmﬂﬂliﬂllﬂiqﬂﬁﬂﬂ RS5 @78

A A
393U GC-MS

Retention
) area Compounds QUAL
time
5.253 0.23 Trimethylaminoacetic acid 64
5.979 0.23 3, 3-Dimethylpyrrolidine-2, 5-dione 40
6.391 5.15 Butanoic acid 9
6.556 5.48 Isobutyric acid 42
6.665 9.37 Isobutyric acid 42
6.728 1.96 Propane, 1-ethoxy-2-methyl- 33
6.951 3.23 2-Methylbutanoic acid 59
6.991 1.24 2-Methylbutanoic acid 72
7.174 4.00 Benzeneacetaldehyde 83
Styrene oxide 83
7.248 4.46 Benzeneacetaldehyde 70
7.505 1.24 Benzeneacetaldehyde 35
7.642 0.80 Oxime-, methoxy-phenyl- 50
8.763 0.67 Pantolactone 68
2,4-DIHYDROXY-3, 3-DIMETHYLBUTANOIC ACID . 68
GAMMA. -LACTONE
8.825 0.65 4'METHYL-2 PHENYLINDOLE 18
9.163 0.54 2-Pyrrolidinone 52
9.740 0.49 Oxime-, methoxy-phenyl- 46
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Retention
area Compounds QUAL
time

9.929 0.30 [1, 2, 4]-Triazol [1,5-alpyridine, 2-methyl- 30

Oxime-, methoxy-phenyl- 30
10.403 0.94 4(1H)-Pyridinone, 2, 3-dihydro-1-methyl- 50
10.660 0.55 N-Acetylpyrrolidone 70
11.677 0.38 1-Aminoadamantane 46

5-Vinyl-pyrazole 46
12.981 0.37 3, 3-Diisopropoxy-1, 1, 1, 5, 5, 5-hexamethyltrisiloxane 47

Cyclotrisilxane, hexamethyl 47
13.815 0.74 Cyclotrisilxane, hexamethyl 38
14.289 0.86 1-Methyl-2-cyanobenzene 38
14.598 3.18 1,4-Pentanediamine, N1,N1-diethyl- 47
15.209 0.28 4-Methylquinazoline 92
16.261 0.23 3, 3-Diisopropoxy-1, 1, 1, 5, 5, 5S-hexamethyltrisiloxane 43
17.341 0.48 4-Bromo-2-chloroanline 30
17.616 1.17 Bicyclo[2, 2, 2]oct-5-en-2-ol 52

3-Cyclohexene-1-acetaldehyde 52
18.113 1.44 3-Phenylpyridine 93
18.404 0.77 Cyclododecane 94
19.473 0.72 Phenol, 2, 5-bis(1, 1-dimethylethyl) 70
20.416 1.24 3-Methylisoquinolone 90
21.136 2.10 1-Aminomethylnapthalene 64
21.845 0.21 2-Fluoro-4-phenylpyrimidine 46
22.754 5.14 1-Methyl-2-ethyl-5-undecylpyrrolidine 80
22.817 1.06 1-Methyl-2-ethyl-5-undecylpyrrolidine 74
22.971 2.74 2, 4(1H, 3H) - Pyrimidinedione 52
23.354 4.47 cis-1,2,6-Trimethylpiperidine 64
24.062 1.76 1, 2, 4-Cyclopentanetrione 38
24.365 0.74 . Alpha .-(15N-Cyano)-2-cyanoyoluene 70
24.674 1.49 Thioxolone 27
25.143 6.74 1,4-diaza-2,5-dioxobicyclo[4.3.0]nonane 91
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Retention
area Compounds QUAL
time

Pyrrolo[1,2-a]piperazine-3,6-dione 91
26.200 1.42 p-(Methylthio) benzyl alcohol 43
26.806 1.90 3, 5-Dimethoxyphenol acetate 53
28.183 0.88 1, 3-Cyclohexanedione, 2, 5, 5-trimethyl- 59
28.556 2.56 1,4-diaza-2,5-dioxo-3-isobutyl bicyclo[4.3.0]nonane 43
28.806 4.07 Phenol, 3,5-dimethoxy- 47
29.641 0.90 3-Hydroxydiphenylamine 89
30.299 0.50 Benzene, 1-methoxy-3-(methylthio)- 55
31.149 0.28 trans-Oleic acid 83
32.750 0.87 Octadec-9-enoic acid 99
33.127 0.45 HEPTADECENE-(8)-CARBONIC ACD-(1) 99
33.516 1.89 Octadec-9-enoic acid 98
34.167 1.12 Octadec-9-enoic acid 99

HEPTADECENE-(8)-CARBONIC ACD-(1) 99

trans-Oleic acid 99
36.665 0.52 HEPTADECENE-(8)-CARBONIC ACD-(1) 99

trans-Oleic acid 99
39.397 0.32 2-(Acetoxymethyl)-3-(methoxycarbonyl)biphenylene 46
40.597 1.52 9-Octadecanoic acid, (Z)-, 2, 3-dihydroxypropyl ester 90
40.728 0.50 Cyclopropaneoctanal, 2-octyl- 78
43.803 0.45 DI-(9-OCTADECENOYL)-GLYCEROL 35
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A A
39340 GC-MS

Retention
) area Compounds QUAL
time
5.179 0.95 1, 6-Dideoxy-monoethlene-d-altrio 33
5.613 0.66 Ethane, 1, 2-dichloro- 35
2, 2-bis(trideuteriomethyl)-1, 3-oxathaiolane 35
5.773 1.30 6-Methylbicyclo[4.4.0]decane-2,9-diol isomer 35
5.836 1.83 Butanoic acid 9
5.951 1.03 Propanoic acid 46
6.008 1.24 Isobutyric acid 64
6.105 7.77 Isobutyric acid 59
6.431 5.15 2-Methylbutanoic acid 83
6.694 0.16 Oxime-, methoxy-phenyl- 52
6.814 0.19 Propanamide, 2-methyl- 50
6.865 0.16 2-Butenoic acid, 2-methyl- 41
6.934 0.41 3, 4-Dihydropyran 43
7.014 0.21 (4R, 5R)-2-Mesityl-1, 3-dioxolane-4, 5-dicarbonsaure- 22
dimethylester
7.094 0.37 1, 3, 4-Thiadiazole-2(3H)-thione 38
7.288 8.93 Benzeneacetaldehyde 87
Oxirane, phenyl- 87
7.699 1.20 Benzeneacetaldehyde 42
8.288 1.33 Pantolactone 74
2,4-DIHYDROXY-3, 3-DIMETHYLBUTANOIC ACID 74
GAMMA. -LACTONE
8.768 0.18 Heptane, 4, 4-dimethyl- 47
Octane 47
9.094 0.34 2-ETHYL-5-METHYLTHIOPHENE 27
9.534 0.48 Benzeneethanamine 50
9.608 0.36 Oxime-, methoxy-phenyl- 25
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Retention
area Compounds QUAL
time

10.191 0.27 Oxazole, trimethyl- 49
10.471 0.43 N-Acetylpyrrolidone 70
11.723 0.48 1-(1H-pyrrol-3-y1)-2, 2-dimethyl-1-propanone 27

2-(1'-13C-(-BUTYL)PYRIDINE 27

2-(3', 3'-DIDEUTEROBUTYL)PYRIDINE 27
12.975 0.74 Carprolactam 41
13.849 0.37 1,1,1,3,5,5, 5-Heptamethyltrisiloxane 47
14.192 0.78 Benzyl nitrile 46

(E)-1-Azido-2-phenylethene 46

Benzeneacetronitrile 46
14.609 4.60 1-Propanol, 3-(diethylamino)- 43

1,4-Pentanediamine, N1,N1-diethyl- 43
15.221 0.46 Quinozoline, 2-methyl- 60
17.615 1.11 1-Penten-3-yne, 2-methyl- 52

Bicyclo[2.2.2]oct-5-ene-2-carbonitrile 52
18.124 1.10 3-Phenylpyridine 93
18.398 0.56 Cyclododecane 95
19.496 0.70 Phenol, 2, 4-bis(1, 1-dimethylethyl) 81
20.473 0.43 Quinoline, 4-methyl- 92
21.148 1.44 1-Aminomethylnapthalene 64

1-Methyl-1, 4-dihydro-1, 4-iminonapthalene 64
22.388 2.34 Clomethiazole 53
22.742 3.98 1-Methyl-2-ethyl-5-undecylpyrrolidine 64
22.982 1.13 Uracil 49
23.068 1.50 Phenol, 4-fluoro- 46
23.359 2.75 Dodecyl acrylate 64
24.068 1.41 IR, 2C, 4T, 5T-1, 2, 4, S TETRAMETHYLCYCLOHEXANE 25
24.377 0.63 I-N-BUTYLQUINOLINE 70
24.697 1.11 9-Methyl-6-oxaspiro[4.5]decan-7-one 43
25.154 5.36 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro- 91
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Retention
area Compounds QUAL
time

1,4-diaza-2,5-dioxobicyclo[4.3.0]nonane 91
26.211 1.12 Imidazole, 4-fluoro-2-trifluoromethyl- 38
26.811 1.79 Phenol, 3,5-dimethoxy- 50
28.177 0.83 Phenol, 3,5-dimethoxy- 46
28.572 2.26 1,4-diaza-2,5-dioxo-3-isobutyl bicyclo[4.3.0]nonane 50
28.823 2.87 Phenol, 3,5-dimethoxy- 47

2(3H)-Furanone,3-(dihydro-2-(3H)-furanylidene)dihydro- 47
29.258 0.36 2H-Azepin-2-one, 1-[3-[(3-amiopropyl)aminopropylhexadro- 40
29.646 0.76 3-Hydroxydiphenylamine 53
30.235 0.46 8-Phenylisoquinoline 62
31.567 0.18 Undecanoic acid, 11-bromo-, undecyl ester 15
32.512 10.60 trans-Oleic acid 99
33.138 2.82 Oleic acid 99
33.584 4.07 Octadec-9-enoic acid 96

Cyclopropaneoctanal, 2-octyl 96
34.207 2.09 Octadec-9-enoic acid 95

trans-Oleic acid 95
34.630 0.39 trans-Oleic acid 97

HEPTADECENE-(8)-CARBONIC ACD-(1) 97
36.942 2.00 9-Octadecanamide, (Z)- 95
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v Y Y [ 4
MINA 41 MMSEUSIMINTYVOUF0s1 L. theobromae CMUL Iaguuafizewiziaolu

A I 1 1 a
m‘mﬁmammmm;ﬂuﬂmm&mm (% ma8 = SD)

nuANiSe pH4 pH5 pH6 pH7 pHS pHY
TN79 00.00 £ 2.08 51.47 £0.00 5294 £0.58 53.73 058 53.7320.58 50.75 £0.00
RS5 4429000 55.71 £0.58 5570 £0.58 55.71 £0.58 53.73 £0.00 52.86 £ 0.00
CMU2 00.00 £ 1.53 5224 £0.58 5224%0.58 53.73 £0.58 53.73£0.00 50.75 £0.00

9
[

< ' o a A Ao A =
ATTNN 4.2 ANTIVIINTIRIYVOUBDI L. theobromae cMULTaguuanizenmzmeslu

9311 AINYUNYUA1) (% 1n8Y + SD)

QU

nuaiise 30 37 45 55 70 80
TN79  55.07 £0.58 56.06 £0.58 50.72 £0.58 4928 +1.15 48.33 £0.58 45.00 % 0.00
RS5 5072058 56.52£0.00 47.83%0.00 46.38%0.58 55.07 £0.58 46.67 +0.58

CMU2 47.83 £0.00 53.62 £058 4638 £058 4638+0.58 4833 £058 46.67 £0.58

v 4 Y
MINN 9.3 AINSIUTINITNTYYUF0I1 L. theobromae CMUL Taga1sananinuuniiise

Y ) { a [ & o §
wasnnmsth ) danueungungi aeiunamiiedalug (% mae = SD)

MU (°C) TN79" RS5' cMU?’
Control’ 3478+ 1.00 31.82%1.00 37.68%0.58
37 16.67 £0.58 1594 £1.15 16.67 £0.58
50 1594 £231 1449%058 1594 £1.15
60 1594 %153 1594 £ 1.15 1594 %0.58
70 16.67 £0.58 1594 £ 1.15 1594 * 0.58
80 16.67 £0.58 13.04 £0.00 14.49 *0.58
Autoclaved® 00.00 £0.00 00.00 £0.00 00.00 % 0.00

a v J A A b 1 IR 9 c S =
Weg: " aenuguuaiiGe, " nquadugu ldiiuanuiow,  iflunains wi
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v 9 Y ] v
MINN 94 udeIAIMITUTININTYUeUFI L. theobromae CMUL tijoldansanaiiriu

a Al I~ ;o {
msdueu lwigos T1sauilunamiiaga T (% mae £ SD)

uuANSe asadanhiiuenla] asafafiAueu i
TN79 34.78 £ 1.00 33.33£0.58
RS5 31.82 + 1.00 3188+ 1.15

CMU2 37.68 +0.58 36.23 +0.58

~

1 k4 k4 1
MINA 4.5 1aaInIMsTuEIMInI e L. theobromae CMUL Tagansanaainuuaiiizen

i lruuessans I Tomadumat 30 i uaz 1 52104 (% 0@ + SD)

nuniise 0’ 30" 60"
TN79 34.78 £ 1.00 34.72 £ 0.58 34.72£0.58
RS5 31.82 £ 1.00 30.43 £ 1.00 31.88£0.58
CMU2 37.68 £0.58 37.18 £0.58 29.17 £ 1.00

{1 @ <
WINome: * wanedszoznanfiruuasdanst llemaiuuni
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TN79 (EU590118)

TCGACTGGCGGCGTGCCTATACATGCAAGTCGAGCGGACAGATGGGAGCT
TGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGC
CTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTG
TCTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACA
GATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGG
CGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT
CGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGC
ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAG
GGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCG
GGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGA
ATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGG
CGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGG
GAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTG
CTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAG
CACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGA
AGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGT
CCCCTTCG

RS5 (EU590117)

GGGATTTGTGGGCTTGCTTATACATGCAAGTCGAGCGGACAGATGGGAGC
TTGCTCCCTGATGTTAGCGGTGGAAGGAGGAGTAACACGTGGGTAACCTG
CCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTT
GTCTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTAC
AGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAG
GCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT
GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGA
TCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCTGTTCAAATAGGGCGG
CACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAA
GGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACC
GGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGG
AATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTG
GCTAAAGCGACTCTCTGGTCTGTCACTGACGCTGAGGAGCGAACGCGTGG
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TGAGCGAACAGGATTAGATATCCTGGTAGTCCACGCCGTAAACGATGAGT
GCTAAGTGTTAGGGGGTTTCCCGCCCCTTAGTGCTGCATCTAACGCATTA
AGTACTTCTCCTGGGGGAGTACGGTCGCAGACTGCAACTTCAAGGATTTG
ACGGGGGCTCGCACAGCGGTGGAGCATGTGGGTTTATTCGAAGCACCCAA
GAATCCTTACCAGGTCTTGACTTCCTTTGACATCCTTGAGATAGGAGTTC
CCTTTC

CMU2 (EU590116)

TCGGAATTGCCGGCGTGCTATACATGCAGTCGAGCGGACAGATGGGAGCT
TGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGC
CTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTG
TTTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACA
GATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGG
CGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT
CGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGC
ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAG
GGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCG
GGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGA
ATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGG
CGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGG
GAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTG
CTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAG
CACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCACGCGAA
GAACCTTACCAGGTCTTGACATCCTCTGACATCCTAGAGATAGGACGTCC
CCTTCGGGGGCAG
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Biocontrol of Lasiodiplodia spp. by Bacillus Species Isolated from Thua Nao
Mg sde’ g31nsal a1AgA’ uas nde Piesa 15"

Kanjana Niraphai', Uraporn Sardsud’ and Ekachai Chukeatirote'

!School of Science, Mae Fah Luang University. Chiang Rai 57100, Thailand
’Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand
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Abstract: One hundred and seventy bacterial strains previously isolated from thua nao were sereened
for their antagonistic ability against Lasiediplodia species. Of these, 39 strains were able to inhibit the
fungal growth in dual culture as observed by the inhibitory zones. Radial growth reduction calculated
in relation to the control growth was between 25 and 67.5%. Based on cell morphology, most
bacterial isolates were Gram-positive, endospore-forming bacilli. These bacterial species offer a
potential use as a biocontrol agent(s) of the postharvest pathogen Lasiodiplodia.

Introduction: Lasiodiplodia theobromae is one of the most important fungal postharvest pathogens
that cause a serious concern in various kinds of fruits such as longan. banana, and rambutan. To
control these postharvest diseases, fungicides have traditionally been used. However, with the
problems of resistant fungal emergence as well as chemical contamination, the use of fungicides
becomes meffective and unpopular. In the past decade, many attempts have been made to screen
natural substances derived from plants and microbes that can be used as an alternative in controlling
the postharvest diseases. The present study desecribes the potential use of some Bacillus species
isolated from thua nae in controlling the growth of Lasiodiplodia, the fungal causative agent of
postharvest diseases.

Methodology: The fruit-rot pathogen, Lasiodiplodia spp., was isolated from infected longan fruits in
Chiang Mai. The bacterial isolates used to test antagonistic effect were previously isolated from rhua
nae, a traditionally fermented soybean in Chiang Rai. To study the inhibitory activity, the dual culture
tests were performed by placing the fungal mycelia and bacterial colony on the centre of the PDA
plates. Antifungal activity was noted by observing the inhibition of the mycelial growth. Radial
growth reduction was caleulated as follows: (a —b) / a (where a = radial growth measurement of the
pathogen in control and b is that of the pathogen in the presence of bacteria tested); these values were
then expressed as percentage inhibition of radial mycelial growth. The bacteria exhibited antagonistic
activity were subject to further cell morphological characterisation.
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Results, Discussion and Conclusion: Postharvest diseases in fruits and vegetables are serious
concerns and cause a great loss worldwide especially in the tropies. Lasiodiplodia spp. are well
known as a causative pathogen of fruit rots under inappropriate storage. Thaiabendazole and benomyl
are commonly used fungicides in combating these postharvest discases. Recently, biocontrol is
expected to be a promising strategy for controlling postharvest fruit diseases due to several benefits
(ie., safety concern). However, there is limited work regarding the use of biocontrol for
Lasiodiplodia. Tn this study, 170 bacterial strains isolated from thua nao were tested against the
fungal pathogen Lasiodiplodia. Most thua nao bacteria are classified into the Genus Bacillus' in
which its antagonistic activity has been reported.” The bioassay was initially evaluated by the degree

of growth inhibition using dual culture technique. Of these bacteria tested, 39 isolates (~23%)

exhibited antifungal activity. All isolates were Gram-positive, endospore-forming bacilli based on cell
morphology. Further study is now being undertaken to determine the identity of the active
compound(s) and the microbial source. These preliminary results prove to be the most promising step
before the field trial.

References:
(1) Chukeatirote E er al. (2006) Research Journal of Microbiology 1, 38-44,
(2) Sonenshein AL ef al. (1993) Bacillus subtilis and other gram positive bacteria. ASM Press.

Keywords: Lasiodiplodia, postharvest diseases, Bacillus, thua nao, antagonistic activity
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Bacillus SPECIES ISOLATED FROM THUA NAO =
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Biocontrol of Lasiodiplodia spp., the fungal causative agent of postharvest diseases

tande guAEsAlsml’ naun lsAe' uas gsnsal aeRan’

Ekachai Chukeatimte'. Kanjana Niraphai‘ and Uraporn Sardsud”

Abstract
In this study, a total of 281 bacteria screened from thue nao and rhizosphere soils of five medicinal plants
were tested for antagonistic ability against the fungal pathogen Lasiodiplodia species. Based on dual culture test,
only 41 strains were able to inhibit the mycelia growth of which most strains (39 strains) were from thua nao origin.
The antagonistic activities were between 25 — 67.5%. In addition, the antagonistic test was also confirmed using
their bacterial culture supernatant. Seven best bacterial isolates exnibiting high inhibitory activity were selected for
further study including their taxonomic identity and their active metabolites. In a long run, this work is expected to

develop as a novel strategy for controlling Lasiodiplodia species in the field trial.
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Introduction

Lasiodiplodia species is one of the major fungal pathogens responsible for postharvest storage rots in
various kinds of tropical fruits (Li et al, 1995; Mortuza and llag, 1999). When the fruits are infected by
Lasiodiplodia, the typical symptom is the formation of black spots on the fruit's surface. Traditionally, the use of
fungicides (1.e., benomyl) iIs a common means to control such a disease. Unfortunately, the inappropriate use of
these chemicals has resulted in the emergence of resistant strains. In addition, the chemical remains in the fruit
products cause a food safety concern to the consumers. As a result, the search for other ‘novel’ natural
substances that do not impose such problems is required and biocontrol may be an alternative to serve this
purpose. This study was performed to screen the microbes from natural habitat that are capable of inhibiting the
Lasiodiplodia species. In a long run, this work Is expected to develop as a novel strategy for controlling

Lasiodiplodia species in the field trial.

Materials and Methods

Microbial cultures. The fungal Lasiodiplodia strains were obtained from the Postharvest Technology
Institute, Chiang Mai University, Chiang Mai, Thailand. The bacterial isolates used in antagonistic experiment were
isolated from thua nao (Thai fermented soybeans) and rhizosphere soils of Aloe barbadensis, Alpinia galanga,
Centella asiatica, Citrus aurantifolia and Wedelia trilobata.

Antifungal activity. The dual culture tests were performed in triplicate by placing the the fungal mycelia
and bacterial colony on the centre of the PDA plates. Antifungal activity was observed by the inhibition zone of the
mycelial growth. Radial growth reduction was calculated as follows: (a — b) / a (where a = radial growth
measurement of the pathogen in control and b s that of the pathogen in the presence of bactera tested); these
values were then expressed as percentage inhibition of radial mycelial growth. To confirm the results, the
bacterial-culture supernatants were also used. The test bacterial isolates exhibiting the greatest zones of inhibition
were selected for further experiment.

Bacterial identification. The selected bacterial strains were characterised based on their morphological
and biochemical properties. These included cell shape, Gram staining, presence of spore, and growth conditions
(oxygen and temperature requirements). Biochemical assays were performed as previously described by Norris et

al. (1981).

Results and Discussion
Postharvest diseases in fruits and vegetables are serious concerns and cause a great loss worldwide;
especially in tropical countries, such a loss is estimated to be between 20 — 40% (Daniels, 1990). The fungal
pathogen Lasiodiplodia species are well known as a causative pathogen of fruit rots under inappropriate storage.
Thaiabendazole and benomyl are commonly used fungicides in combating these postharvest diseases. Recently,
biocontrol is expected to be a promising strategy for controlling postharvest fruit diseases due to several benefits

(l.e., safety concern). However, there Is limited work regarding the use of biocontrol for Lasiodiplodia (LI et al.,
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1995; Mortuza and llag, 1999). In Thailand, a few reports have been carried out and suggested the potential of

antagonistic yeast Endomycopsis fibuligera to control this fungal pathogen (Sangchote and Sangwanich, 2006).

Figure 1 Dual culture test between Lasiodiplodia species and bacterna tested. Left, the mycela growth of

Lasiodiplodia; right, the inhibition of mycelia growth by bacterial isolates.

In this study, a total of 281 bacterial isolates obtained from thua nao, the Thai fermented soybeans
(170 isolates) and rhizosphere soils of five medicinal plants (111 isolates) were used to test against the fungal
pathogen Lasiodiplodia. Based on dual test (Figure 1), it was found that 39 strains from thua nao exhibited
antagonistic activity between 25 — 67.5% whereas there were only 2 isolates from rhizosphere soils showing such
an activity (45 and 50%). Further experiment was then confirmed using the bactenal-culture supernatant. For this,
there were 37 thua nao bactenal 1solates (17.3 - 52%) and 2 rhizosphere soil bactena (35.7 and 52.4%) that were
able to inhibit the fungal growth. Seven best bacterial strains were selected based on their high inhibitory ability
(see Table 1).

Based on cell morphology, all isolates were Gram-positive, endospore-forming bacilll. Further study is
now being undertaken to determine the identity of the active compound(s) and the microbial source. These

preliminary results prove to be the most promising step before the field tnal.

Table 1 Selected bacterial strains isolated from thua nao (TN) and rhizosphere soils (RS) exhibiting inhibitory
effect on Lasiodiplodia growth. The percentage of inhibition calculated as described in the Matenals

and Methods Section is shown.

Bacterial isolates Inhibition activity (%)

RS5 52.4

TNTS 52

TN112 52

TN11T 51.2

TN142 49.4

TN133 476
RS3 357
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